INTRODUCTION
Millions of hectares of land have management restrictions due to excess soil water; these areas are not only along rivers but also in uplands with poor drainage. Such land is usually managed for forestry purposes, as it is inappropriate for agriculture. The problems caused by flooding place severe restrictions on forest productivity, and the success of forestry in flood-prone areas depends on selection of the right species and silvicultural treatments for the site.
The most important constraint for trees growing in waterlogged soils is the lack of oxygen which can become complete within hours of flooding due to displacement of gas by water, reduced diffusion of oxygen and depletion of oxygen by microorganisms (Scott & Evans, 1955; Coutts & Armstrong, 1976) . Secondary effects of flooding are the production by roots of toxic substances such as ethanol (Fulton & Erickson, ' 1964;  Keeley, 1979) and cyanogenic compounds (Rowe & Catlin, 1971 ) and the development of soil toxins due to reducing conditions (Jones, 1972; Ponnamperum; . The type and degree of damage depends on the tree species, age, and phenological state and on the soil type (Coutts & Armstrong, 1976;  Kozlowski, 1982 (Crawford, 1982) . Adaptations to flooding include development of aerenchyma (Yu et al., 1969; Jat et al., 1975; Coutts & Armstrong, 1976; Harrington, 1987) for maintenance of oxygen supply to flooded roots and alternative metabolism for growth and maintenance under anoxia (Keeley, 1979; Crawford, 1982) . Several Nations, 1980; Soul6res, 1984 (Jensen et al., 1969; Yu et al., 1969; Luxmoore et al., 1972 Flooding altered the distribution of roots with depth (Fig. 3) (Levan, 1985 (Nlinore, 1968; Kozlowski, 1982) . However, 100% survival has been shown previously for short-term flooding of Populus fr/c/!oca/pa during the growing season (Harrington, 1987; Smit, 1988 (Newsome ef al., 1982;  Tang & Kozlowski, 1982a & Kozlowski, , 1982b & Kozlowski, , 1983 Hook et al., 1983; Osonubi & Osundina, 1987) . On the other hand, well adapted species such as Nyssa sylvatica may show reduced root growth and no effect on shoot growth (Keeley, 1979) . Previous studies have also shown top growth to be stimulated by flooding in Nyssa aquatica (Hook & Brown, 1973; Dickson & Broyer, 1972) , Taxodium disticum (Dickson a Broyer, 1972) and Alnus rubra (Harrington, 1987 ). In the current study the stimulation of top growth in Group 1 increased with the severity of flooding which suggests that the effect was not due simply to increased water supply in the flooded treatments, but to restricted root growth.
The allocation of dry matter to the roots and shoots is generally believed to be under control of a sensitive feedback system that maintains an adaptive balance between the different plant organs despite seasonal imbalances (Drew & Ledig, 1980) . Flooding greatly altered the allocation of dry matter between roots and shoots. Roots depend on carbohydrates from leaves for growth. Evidence suggests that root and shoot growth compete for carbohydrates and that use of carbohydrates for shoot growth can restrict root growth (Eliasson, 1968 (Eliasson, , 1971 . Perhaps when root growth is restricted by flooding the supply of carbohydrates and consequently shoot growth are increased. The reduced root system apparently supplies adequate moisture and nutrients for increased top growth. It has been suggested that basipetal transport of auxin in plants is impeded by flooding, resulting in high levels in tissues above the water line and deficient levels below (Kramer, 1951 (Newsome et al., 1982; Tang & Kozlowski, 1982a; Osonubi & Osundina, 1987) and has been attributed to increased bark development (Yamamoto et al., 1987) as it was in this study. The thicker bark is composed of abundant low density cells and extensive intercellular spaces and has been shown to be associated with increased ethylene production in flooded plants (Yamamota et al., 1987) .
Group 1 clones tended to show a smaller reduction in total growth due to flooding than Group 2 clones (Table II) Cros, 1980; Souleres, 1984) ranked low in both groups for growth in the flooding treatments. The poor performance of the Tacamahaca hybrids may have resulted from the study being conducted with a sandy soil, since they usually how superior growth on heavy and compact clay soils (Soul6res, 1984 (Lemoine, 1973; Soulbres, 1984) . In the current study the clone 327-1 (clone 15) showed above average growth for both roots and total dry weight on waterlogged soil (Table 111 ).
All of the clones showed adaptations to flooding that are associated with the capacity to transport oxygen to submerged roots : stem hypertrophy, hypertrophied lenticels, increased root porosity and oxidation of the rhizosphere (Kozlowski, 1982) . Flooding caused root porosity to nearly triple from 2.80 to 7.45%. In agronomic crops such as maize, wheat, sunflower, barley and tomato, the level of root porosity and the relative increase in porosity with flooding have been found to be correlated with degree of tolerance to flooding among species and among cultivars within species (Yu et al., 1969; Jat et al., 1975) . The level of porosity in Populus is lower than that reported for flooded Salix sp. (42%) and higher than that for Pinus strobus (less than 3%) (Levan, 1985) . Quercus robur, which is considered well adapted to flooded soils, showed a root porosity of 1 to 4% in drained soil and a 2-to 4-fold increase in porosity with flooding. In contrast Q. rubra, which is less well adapted to flooding, showed a root porosity of less than 3% in drained soil and no increase with flooding (Belgrand, 1983 Further work needs to be done to determine how the various clones respond to flooding in the field at older ages. As many forest sites are subject to temporary flooding followed by summer drought, it would be interesting to determine clonal response to alternating conditions of waterlogging and drought (Levy, 1971; Soul6res, 1984) .
In general, the Populus clones in this study showed tolerance to flooding as evidenced by the lack of mortality and development of morphological traits generally considered to be adaptations for transport of oxygen to submerged roots (Kozlowski, 1982) . As expression of these traits was uniform among the clones, they could not be used to determine the level of flooding tolerance. It is possible that more precise quantification of these traits could lead to methods for ranking clones by level of adaptation to flooding. In addition, a more severe flooding treatment, to the soil surface or above, might have caused mortality in some of the clones.
